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riT'TlTTfflTnl""'"''"" 

•n,, pn>«nl invention r.:.tes W si:«« coating.. More p«ttcularty, the 
|mentlonrel=te,to.ilanecoat,n9sforincreMin8C<«oslonr«isUnceln™tiil. 

.^or.mpravinab=ndingofn«t«l.top=ly,r«s.««m.ctopolyn,.™an<.gi». 
to polymerS' 

M^^y metel surfaces are electrocaated in order to not only protect the 
metal surface, but elso to provide an aesthetically-pleesing appearance. 

. . t »ii "P-coaf'l is an electrochemical process by 

Electrocoating (also referred to as E-ccat ) is an 

. . trt a metal us ng e ectncal current, ine 

which an organic coating is applied to a mexai usma 

l<*pcoa,™.«1ai. a D.C. c«n.n. ,.appl..dtoti,b«n. 

tt,ame.a.«tidatol»e«it«l)aot.a.on..l.ol««l.(u3uailyth.c.tl»de, 

and"aa«onde.edrodei. provided inthebatt,(t,pi»l.y»...l.=t~*^^^^ 
nself) ads as the second eledrode. The elaetrically barged p««clM of m. 
coding will migrate to t^ oppositel/^^rged elactrode (i.. the 

wort.pL). and are depoelted thereon. Th. org.r,-o coatng, ueed In 
Bleettoooatingprocerae. ate typically paints or pnmwi. _ 

Metai used in the automobile Industry are typically electn,coated ™th a 
prirner prior to patntlng. 8u* auto«»«ve n«ta,. Mude ^^r^^ 
rCRS") electroselvanized steel ("EGS"), hot dipped galvanized etael ( HDQ ), 
galvameal (annealed hot.^lppad galvanized steel), alun«nun, and aluminum 
alloys endotherdnc^lloycoaledmelals. In order to improve adhesion of »« 
elactrocoat to the metal surfeee, tl,e netal I. typically treated <rith a anc 
Phosphrte converaion coating. Zinc phosphate conv«alon coatings typ«ally 
require a chrcmate rinse which is environmentally undesirable, and must be 
modified with fluorides when used on aluminum surfaces. 
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Recently, various techniques for. eliminating the use of chromate Inav© 
been proposed. In particular, various silane coatings have been developed for 
preventing corrosion of metal substrates. For example, U.S. Patent No. 
5,108.783 describes a technique of coating certain metal substrates with an 

5 Iriorganic silicate followed by treating the silicate coating vm an 
organofunctlonal silane (U.S. Patent No. 5,1 08.793). U.S. Patent No. 5,292.649 
teaches the rinsing of metallic coated steel sheet with a solution containing an 
organic silane and a crcsslinking agent. Other silane coatings are described In 
U.S. Patent Nos. 5.7S0.197 and 5,759,629, both of vifhich are incorporated 

J 0 herein by way of reference. 

Often, the comision protection provided by a partccular silane coating will 
depend upon the identity of the metal substrate Itself, In addition, the silane 
coating must also be compatible with any polymer layer to be applied over the 
silane coating (such as paints, adhesives or rubbers). For example, while a 

15 . particular silane coating may provide excellent paint adhesion and corrosion 
protection, that same silane coating may provide little or no adhesion to certain 
rubbers. Thus, it is often necessary to tailor the silane coating to the specific 
application. 

Various types of silanes have been shown to Improve corrosion 
20 protection, and to provide improved adhesion between metals and polymers, 
glass and polymers and ceramics and polymers. Often, however, the type of 
silane used for optimal substrate-polymer adhesion is specific to the type of 
substrate and type of polymer employed, in addition, any treatment used prior 
to eieclrDooatlng must provide an electrically conductive coating which is also 
25 resistant to the harsh conditions of the electrocoat bath. For example, when 
cathodic electrocoating is used, any pretreatment coating must be resistant to 
a pH of about.1 0-12. While zinc phosphate conversion coalings are electrically 
conductive and can withstand the alkaline bath conditions, most silane films are 
insulators and may not withstand a high alkaline environment. An Insulating film 
30 on the metal will result in poor quality electrocoat films which are of insufficient 
thickness and/or show cratering. 
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,« ore Job Improved adhesion bet««n th. .ubetrate and the polymer eoatmg. 

C ilo a needfor a .,n,ple .ech„i<^sfor.^9 a mete, suhetrata 
Prior to ateouocoatlng. parflcul^lV '» i™P"^» 

;;r:id^improvada««.tonb.W«anmemaU,a™.«,ea.a=^a,,andp«v.da 

a hiah quality, uniform eieolrocoat. 

U would be desirahl. lo provide an Improve. m«hod of «al,n, a n»W 
sub.We«,ord.r.oprovid.con™ionprot.=tionand/o,invn>v.adh.8ionto. 

^y„«rcoa«ng(.u=h«p3in..oradhee,ves,par.Warty.^o.ro»-p.ln»)^ 
K would rt.o be deelrabl. to provide a .U»,e wWloi wh,* may be 
applied to a meU- sub^rate in order to provide corrosion protadon and/=r 
U^lveadhe»iontoapo,y,ne,co..»,g(e.=hBapainUo,««,e..vBs,p.hioul».y 

electrocoat paints), ^, . . 

„ would also ba desirable to provide a silane «)lution whidi nay be 
,ppll«i u, a substrate in order to improve adhesion between glaso and polymer 

""'Twould also be desirable to provide a silane solution which may be 
applied to a substrate in order to improve adhesion between o.r»«ics and 

polymer coatings, 

20 SUMMARY OF THE INVENTION 

OneaBpedofthepresentinvenf.onprovide88methodftrBat.ngametal 

substrate, comprising: 

(a) applying a first coating of a silane solution onto the metal 
substrate, the silane solution comprising at least one silane which has 
been at least partially hydrolyzed. the silane chosen from the gnDup 
consisting of bis-silyl amlnosllanes and bis-sllyl polysulfur silanes. 
The silane coated metal substrate has Imprt^ed corrosion resistance, 
even without subsequent painting or application of an other type of polymer 
coating (such as a paint, adhesive. plasUc or rubber). The silane coating also 



IS 



25 
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provides improved adhesion to poiymer ooatlngs. such as rubbers, adheslves 
and paints, particulariy eleotrocoat paints. 

Suitable bls-silyl aminosilanes for use In the present Invention include: 

RiO_i, r2 X — R2 — SH-ORl 

wherein: 

each Is individually chosen from the group consisting of: hydrogen, C, - C24 
allcyl and C3 - Cz^ acyl; 

each R= Is individually chosen from the group consisting oft substituted aliphatic 
groups, unsubstltuted aliphatic groups, substituted aromatic groups, and 
unsubstituted aromatic groups; and 



10 X is either 



— or — N — — N — 



wherein each R' is individually chosen from the group consisting of: hydrogen, 
substituted and unsubstituted aliphatic groups, and substituted and 
unsubstituted aromatic groups; and 

R^is chosen from the group consisting of: substituted and unsubstituted aliphatic 
groups, and substituted and unsubstituted aromatic groups. 
Suitable bls-silyl polysulfur silanes include: 



iR^ W 
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Wherein each R' le an elkyl or an aoelyl Sroup, and Z 18-0-3^3-. ^ 
eadi Q I. an aliphaSc or aromatio flroup, and x i. an integar of f™n 2 to 10. 
Th. above method* may be ueed on a variety, of metal substrates, 

including: 

^ metal substrate having a zinc-containing coating; 
-steel {e.g., cold rolled steel, hot rolled steel, coated steel and stainless 

eteef); 
-aluminum; 
-aluminum alloys; 

•zinc alloys; 
-magnesium; 
-magnesium alloys; 
-copper, 
-15 -copper alloys; 

-tin; and 
-tin alloys. 

m a further embodiment, the present invention also provides a silane 
solution comprising at least one substantially hydr^lyzed bie-sllyl aminosilane; 
20 and at least one substantially hydrolyzed bis^silyl polysulfur sllane. 

The sllane treatment solution may be utilised in additional treatment 
methods to electrccoating. In particular, the treatment solution finds uUHly In 
methods of adhesion promotion between glass and polymers., and ceramics and 
polymers. Suitable polymer coatings include rubbers, adheslves plastics ahd 
25 paints. 

Particular preferable plastic coatings Include acrylic, polyester, 
polyurethane, polyethylene, polylmide, polyphenylene oxide, polycarbonate, 
polyamide, epoxy, phenolic, acrylonltrile-butadiene-styrene. and acetal plastics. 
Particular preferable rubber coatings include sulfur cured rubbers, nitnle 
30 rubbers, chloroprene wbbers. polyisoprenes, polybutadienes, slliicone rubbers 
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(including fluorosilicope n^bbars). acrylic rubbers and isoprene^cn^lonitrlte 

''''^^ The term ceramics generally Include (but are not limited to) silica, 
alumina, silicon nitride, boron carbide and boron nitride. 
5 The term glass generally Includes (but Is net limited to) soda glase, 

barium glass, strontium glass, bor^sllicate glass and glass^ramlcs containing 

lanthanum. . , 

Sllana coated substrates, as welt as metal substrates, including 

electrocoated metal substrates, are also provided by the present invention. 

,0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Applicants have found that the perfonnance of an electrochemlcally 
applied coating (i.e.. elactrocoating) may be improved by applying a silane 
coating prior to electrocoating. The silane coating is applied from a silane 
solution which includes at least one bis-silyl aminosilane. at least one bls^llyl 

15 polysulfur silane, or a mbcture of at least one bis-silyl aminosilane and at least 
bis-silyl polysulfur silane. The silane coating is applied from a solution wherein 
the slianes have been at least partially hydrolyzed. The eilane undercoating 
provides corrosion protecUon which is at least equivalent to that provided by 
phosphate conversion coatings, and also provides excellent adhesion between 

20 the metal and the eleotrocoat. The eiectrocoat films (or coatings) are of the 
same thickness as thoseformedonphosphateconversion coatings, andarefree 

of craters and other defects: in addition, the method of applying the silane 
coating Is much simpler than phosphate conversion coating methods, and avoids 
the environmentally undesirable by-products of phosphate conversion coatings 
25 (such as chromium). The silane coatings of the present invention also provide 
improved corrosion protection, even without subsequent electrocoating, and 
provide adhesion to other polymer layers (such as non-electrocoat paints, 
rubbers and adhesives). Therefore, the present application is not limited to 
silane coatings for improving eiectrocoat adhesion. 
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■ Ths u=9 ot certain coatlnfls for promottns .*e.ion and/or 
p^entlns cor™.ion o. meUl .ur.«« is •."own in me ..t For ex».pie 
i«ve p«viou,l/ ,o.nd the. me oo^oeicn o( metel pen be prevented 

-nd that p-r* may be epplied direcUy over Ihe reeu^ng ^ 
U S. patent No. 6,7.e,«B). W^i-e the co,ro.,on proteo^on en- 
reradesion provided by me re.ul.in« vW eitene co.«n« v«. «^ 
i.riortooonv.ntion.d«m...*...d.re.-™nteA^«cant.h^e™^^ 
,i,^sitenecoatinQSOfme.ypede.«ibedinmelrU.S.P.tentNo.5769,^do 

nTprovld. adhesion be»»«, me metal .-.aoe «,d an ..eom«o- 
.othatp«vldedbypho^h..e«nv.™l=n=oe«r«s. Similarly, '-^'^ 
\o IL e^cee from aqueoue solution, o. 1,2.bi.(*1em»cy«iyl e««n, 
CBTSE-), v^r.idopropyltrialRo=<y.ilsne (y-UPS). or NK2Kvlnylbenzy.«nlno^ 
Uyn^lnopmpyltrlmemoxysila,* (SAAPS). do no, taprove the e hee«n 
^-een a metai surface and en eleC^coat It I. surpn.in« a^ 

unexpeCedm.la.ii.n.ooa«n9 applledfrom . silane solu«on*h«b .noludea 

at leaat one bi«llyl aminoeilane, at least one Ws-silyl polysuKOr silane or a 
„M«reofa.l.astcn.b..^llylamino.llaneenda.lea«bl.^llytpolysul.t,r-lane 

p^de. e».lienladheslon between a meUI substrate end aneledrocoabng 
•me solutions and memods of me present Invention may be used on a 
varied o(subetrate..Thesubst™te.lncludemetal.Jncludln9Zlnc,zl«alloy., 

„,elal auba^ate. havlns a zinc<ontaInina coating, steel (e.B.. "Id ~lled .leal, 
hotrolleds.eelandstalnles.«.el),al«,inum,alumi.«».lloy.,«rfnw«.«m 

,„oy..Themetal.*tra,.oan.venbe.andbl.«edpriortousln9m.»lutlon. 
^ memod. of me pr.s«* invenUca For example, a steel substra^ (su^ as 
ho, rolled steal) may be sandblasted prior to application of me soluUon, of me 

present Invention. S^dbWnfl typically leave, a high sur^ce -""fl"""^ « 
^|assu,faceo»i.amlnants,bom=fwNchcreatedifr«u,tles>»henoneattempU 

tt,applyacoatin9tosandblas,ed.ubst,a,es.-me.olutior»andmemodsofm. 
present lnv.ntie«. howevw, allo« for me formation of silane coating, on 

sandblasted substrates. 
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■ •n.esolulionsandmethodsof thepresentinventionareparticularlyuseftil 
on Sheet metals used In the automotive industry, since such metals are often 
electrocoated. These automotive metals include: steel (particularly cold rolled 
steel CCRS")): steel having a zlno-contalnlng coating, such as galvanized steel 

5 (especially hot dipped galvanfeed steel (^HDG') and electrogalvanized steel 
CEGS-)). galvanneal (annealed hot dipped galvanized steel) and similar types 
of coated steel; zinc and zinc alloys, zincwilckel alloy (typically about 5% to 
about 13% nickel content), and zinc-ccbalt alloy (typically about 1% cobalt); 
aluminum; and aluminum alloys. The solutions of the present invention may also 

10 be used on a variety of other metals, such as GALVAUUME® (a 55%^l/43.4%- 
Zn/1.6% - Si alloy coated sheet steel manufactured and sold, for example, by 
Bethlehem Steel Corp) and GALFAN® (a 5%-At/95«H^Zn alloy coated sheet steel 
manufactured and sold by Welrton Steel Corp., of Welrton. WV). 

The solutions of the present invention may be applied to the metal prior 

15 to shipment to the end-user, and even provide corrosion protection during 
shipment and storage (Including the prevention of wet-storage stain such as 
white rust). The end user merely applies an eleclroooating in the usual manner 
directly on top of the silane coating provided tjy the present invention. The 
silane coatings of the present invention not only provide excellent con-osion 

20 protection, but also provide superior adhesion between the metal substrate and 
the electroeoat. Thus, unlike, many of the currently-employed treatment 
techniques, the silane coatings of the present Invention need not be removed 

prior to electrocoating. 

The. solutions of the present invention comprise one or more bis-silyl 

25 aminoslianes. one or more bis-silyl polysulfur sllanes, or a mixture of one dr 
more bis-silyl aminoslianes and one or more bis-silyl polysulfur silanes. The 
solutions do not require the use or addition of silicates or aluminates, and 
eliminate the need for phosphate conversion coatings. The sllanes in the 
treatment solution should be at least partially hydrolyzed. and are preferably 

30 substantially fully hydrolyzed. The silane solutions of the present invention 
preferably include water, and may include one or more compatible solvents 
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enly be needed only . the solution includes a bis-sl.y. poiysulfur silane (.n 
o^.rtoso,u.ilizethepo.ysulfursilane). Thus, the amount of eolven needed 
will va^ depending upon the amount (if any) of bls.«llyl polysulfur s.lane(s)^ 
the .olu«on. AS further detailed below, the ratio of water to solvent may be 
between about 1:99 and about 99:1. more preferably between about 1:1 and 

Mernatively. the silanes (partlculariy the polysulfur 8ilBne(s)) may be 
prepared as an emulsion without a solvent The silane(s) is simply mixed w.th 
water and a suitable surfactant known to those skilled in the art. A emulsrfied. 
hydrolyzed solution of a bia-siiyi polysulfur silane can be prepared, for example, 
by mixing a 5% solution of the silane in water along with 0.2% of a surfactant (by 
volume). Suitable surfactants Include, for example, sori^ltan fatty acid esters 
(such as Span 20. available fiom ICl Surfactants). Once the emulsion of 
polysulfur silane has been prepared, it may simply be applied to the metal 
surface, or mixed with one or more bis-silyl aminosllanes as described below. 
Although not critical, the appllcatlonpHofthe silane solution is preferably 

between about 3.5 and about 10. The temi -application pW refers to the pH of 
the silane solution when it is applied to the metal surface, and may be the same 
as or differenlfrom the pH during solution preparation. The pH may be adjusted 
by the addition of one or more acids, preferably organic adds sudi as acetic, 
fon^ic. propionlcoriso^sropionic sodium hydn^xlde (or other compatible base) 
may be used. If needed, to raise the pH of the treatment solution. For s.lane 
solutions according to the present Invention which do not contain bis^sllyl 
polysulfur silanes. the preferred pH ie between about 4 and about 9. most 
preferably between about 5 and about 9. When the silane solution according 
to the present invention does not contain a bis^ilyl aminosilane. the preferred 
pH is between about 3.5 and about 10. most preferably between about 6 and 
about 9. When the silane solution of the present invention includes both a bi^ 
sliyi aminosilane and bis-silyl polysulfur silane. the preferred application pH .s 
between about 4 and about 9. most preferably between about 8 and about 9 
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(particularly when used to improve electrocoal adhesion). It should be pointed 
outthat pH adjustment Is not alvways neoassary, since many of the silanes used 
in the present invention have a natural pH in an aqueous solution vrfiich fells 
within the preferred ranges mentioned above. 

The preferred bis-silyl aminosilanes which may be employed in the 
pTeeent invention have two trisubstltuted sllyl groups, wherein the substhuents 
are individually chosenfrom the group consisting of hydroxy, alkoxy. aryloxy and 
acyloxy. Thus, these bis-silyl aminosilanes have the general structure: 



OR 



1 OR^ 



R,0— ii R2 X r2— SI— OR^ 



OR* 



wherein each is chosenfrom the group consisting of: hydrogen, C, - C„ allvl 
1 0 (preferably C, - alkyi). and • acyl (preferably C, -C^ acyl). Each may 
be the same or different, however the bis-silyl aminosilane(s) is hydrolyzed In 
the solution such that at least a portion (and preferably all or substantially all) 
of the non4iydrogen R^ groups are replaced by a hydrogen atom, Preferably, 
each Is individually chosen from the group consisting of: hydrogen, ethyl, 
15 methyl, propyl, iso-propyl. butyl, Iso^butyl, sec-butyl. ter-*jutyl and acetyl. 

Each in the amlnosilane(8) may be a substituted or unsubstituted 
aliphatic group, or a substituted or unsubstituted aromatic group, and each R» 
may be the same or different. Preferably, each R' is chosen from the group 
consisting of: C, - C„ alkyiene. C, - C,p alkenylene, arylene. and alkylarylene. 
. 20 More preferably, each R« is a C, - C,a alkyiene (particularly propylene), 
X may be: 

T T f 

^U-^ or _N_^R4_M_ 
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«he«in e»h R' may be = hydrogen, a ,ub.muWd or '"^^"^"^"f f 
am. or di««.n.. Prafe^bly,. aach R= ia *osan f^. me B,c^ <^ 

' •''^'pThX" < . a.inoa,.™(a, may ba a aubs«tutad or ».ba,H^d 
aliphatic group, or a aal>rtl.ulad or unaubslitutad aromatic grwp. PrafSrabbr, 
R.Uo.«,frcmtha8™upeen»isflngof:C,.C„alMana,C,-C„alK*,ylen.. 

„y,ana,andall>yiary.=ra.Mo*preterat.y.R'>"C,-C„al.>ylBr,.(p«t,e«.arly 

10 ethylene). ^ . . 

Particularly preferred bls-silyl aminosiianes which may b« used ,a the 

present invention include: 

WMtrlmethoxysllylpropyDamlne (which is sold under the tradename A- 



1170by Witco): 



OCHa H 9°^^9 
CHaO-ii— CaHfi— N--C3H8— ?i-^CHa 



1S b/s-(triethoxysilylpropyl)ainine: 



OC2H5 y 
CaHsO-ii—CaHs— N-CaHe-si-OCaHs 



and bis-{triethoxysilylpropyl)ethylene diamine: 

CHaO-il-C3H6-A--CaH4-l!l-C3H8'-^i'-OCH3 
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The preferred blMM P-lV'*' ^^"^ 
present irwenUon Ineluda: 



10 



OR' <pR' 
R'0-5h-Z-Si— OR' 

6ri or' 



Wherein .«* R< * « *"*Bd befor,. Or,=e egeln the poly«i»V^ sOaM.) b 
X^in*e.,^.ent»W«.su*«.i«at.ee.t.por..=n(.™^pre««bV 

or^ubstanflany all) C tt,e non*ydr,gen R' Broupa «. .eplac«l a 
hydrogen «om. Z ,._Q-S^-, whe^in each Q ia an al,phat.c{«turated 
Z unsaturated, or aron,a.ic gmup, and x 1. an Integer o( from 2 to 10. Q w«. 
me bi.*.n.»=ne. polysulfur silan. can be the .«« or different In a p» 
«nbodim«,t, eachO ia individually *oaenfromthegroupcon.irt,n9 of: C,.C. 
allvl (Ihaar or branohed), C, - C. aikenyl (linear or br«nch.d), C, - O. rtkyl 
aubrttutad with one or more amino group.. C, - C .li»nyl .ubatituled wth one 
or more amino groups, banryi, and benryl substituted with C, - C .ii<yl. 

Partioularty preferred bia^liyl pplyBulfur sil»ie. include b..- 
(Uiethoxysllylpropyt) sulfides having 2 to 10 sulfir atom?. Suoh compowris 



1 5 have the following formula: 



OCH2CH3 OCH2CH3 

CHaCHaO-ii C3Ho-Sx-C3H6-^^OCH2CH3 

icH2CH3 OCH2CH3 



20 



wherein x is an Integer of from 2 to 1 0. One perticularly preferred compound ,8 
blsKtriethoxysilylpropyl)tetr3sulf.de(alsoreferredtoa3bls.(triethoxysilylp^^^ 
sulfane ofTESPT"). Commercially-available forms of TESPT(auch as A-1 289. 
availablefromWitco).however,areac.uaIlymixlure8ofbMtriethoxysllylpropyl) 

sulfides having 2 to 10 sulfur atoms. In other words, these commeraally. 
available fonns of TESPT have a distribution of sulfide chain lengths, with the 



PAGE15/27*RCVDAT5/17I20()411:02:12AM [Eastern Daylight Tiine]'SVR:USPTO{FXRF-3/24«DN^ 



MftY.17.2004 10:05AM CmiOR COLBURN LLP 860-286-0115 



\VO 00763303 



NO. 336 P. 16 
PCT/EPOO/03711 



13 



10 



15 



20 



25 



30 



S and sulfides predomlnatins. ^^u,. the scope of the present ,nve„.on 

f„*r.llsne.o,ut,on.=on.a,ninB.M^ofb,..il,lpc.ysu.^ 

alone or lncon*lnalionN»llh one or more bis^llylannlnosilanes. 

r™mionedabove,.hesnflnosli.ne(s)andthep^y.u..ur.««ies.n*^ 

soWons Of tt,e present Invention are .t least partially, and p™fen*ly ^ 
rrii.*hy*oly»dlnorder.o™t.abo„d,„«o,«^^ 

nettl st^ace and to each other. Durlns hydrolysis, th. non.hydro8«,.R 
r^Tare replaoad by a hydrogen ,to«. Hyd^lysls of the ..,«,es 2 be 
acIp«.hed,fore=«»np.e,by™re.ymb,lngthe.llane.,nwa»r,^op^^^ 

incWin8asol.ent(so*asanalcohol,ino,dertoimproy.sll.n..olub,l*^««l 
.oluuon stability. Alternatively, the sllanss raa, Srst be dissolved In a solved 
.nd «ater then added lo accomplish hydrolysis. In orter to accelerate a.l.h. 
hvdrolysis and avoid sllan. condensation durtng hydrolysis, th. pH may be 
maintained belo« about 10, more preferably m the p.Bfe«ed appUcation pH 
ranges de«»ibed prevtously. The pH may be a<4usted, for example, by the 
addition Of a compatible organic aeld, as d.scrib«i previously. Some sll.n» 
provide the desired pH when mixed with water alone, and for these silanes pH 
adjustment may not be needed to acc.ieratesllanohydroly«s. 

It should be noted that the vsriou. sllan. ooncentrrtlons discu«ied and 
calmed hereft, are all deHned in tsnns of the ratio between the amount (by 
volume) Of unhydmly^ed »iian.(.) employed tb prepare the treatment «,lution 
ne prior to hydrolyxation), and th. total volume of treatment solution 
conlconents (i.e., bis.eliyi amincsllanes, bis-sllyl pelysuifur silanes, water 
opUonal solvents and optional pH adjusts agents). In the cas. of 
amlnosllan.(s), the cono.nt,a.lor« herein (unless omen^se specified, «*r to 
U« total amount of unhydroiyzed aminosiianes employed, s,nce muitiple 
• amlnosllanesmayoptionailybep,*.enl Th.polysulfUrsllane(a)conoent.a«ons 

herein are defined in the same menner. 

As for the concentration of hydrolyzed silanes In the sllane solution, 
beneficial results will be obtained over a wide range of silane concentrations and 
ratios. It is preferred, however, that the solution have at least about 0.1% 
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silanes by volume, wherein this, concentration refers to the total concentration 
rr^ l aminosi.ane(s) anCor t^is-sily. po.ysu.ur sl.ane(s) in ^e s.lane 

solution. T.e optimum si.ane concentration will vary <^^P^^<^2^^2 
intended use. For example, higher concentrations Of s,lanes may be effective y 

employed when the sllane coating is to be used for corrosion protect.on only. 
MoLpreferably.particularlywhenthesilanesolutionistobeusedforimp«^^^ 

the adhesion of an electrocoat or other polymer coating, the .olution ha^ 
between about 0.1% and about 10% silanes by volume. When bls-silyl 
an,-.nosilane(s) is employed without a. bis-silyl polysulfur '"^^ 
preferred concentration of bls-silyl aminosilane is between about 0.5 ^ and 
about 3% by volume. When bls-silyl polysulfur sllane(s) is employed without a 
bls^llyl aminosilane. the most preferred concentration of bis^sllyl polysulfur 
silane is between about 3% and about 7% by volume. When both a bls-silyl 
aminosilane and a bis^ilyl polysulfur silane are present in the solution, and the 
solution is to be used for improving the adhesion of an electrocoat. the tptal 
silane concentration is most preferably between about 1% and about 3%. 

When both bis-silyl amino8Hane(8) and bis-silyl polysulfur sllane{B) are 
emplbyed. a wide range of silane ratios may also be employed. Thus, the 
present invention is not limited to any particular range of silane ratios. It is 
preferred however, that the ratio of bls-silyl amlnosilane(s) to bls^ilyl polysulfur 
silane(s) in the silane solution is between about 1:99 and about 99:1. More 
preferably, particularly when the silane solution Is to be applied to cold rolled 
steel, thisratio|sbetweenabout3:1 end about 99:1 . Even more preferably, this 
ratio Is between about 3: 1 and about 9: 1 . 

As reported in Application Serial No. 09/356.912. titled Silane Coatings 
for Bonding Rubber to Metds, which names Wim J. van Ooij, Senthll K. 
Jayaseelan and Eric A. Mee as Inventors, which was filed on July 19. 1999. and 
the disclosure of which is incorporated herein by wey of reference, the s.lane 
solutions of the present invention having both a bis-silyl aminosilane and a bis- 
silyl polysulfur silane also provide excellent adhesion to rubbers {particulariy 
sulfur-cured rubbers). As reported in that application, and as incorporated 
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harein by v«.y of reference. *l.»ne »lu«or,= for Improving mbber bonding 
pn^Wy ha« a „«o of bis-.iiyi an,ino.iiane(.) .a bi,-si.yl polyauffur »aane(, 
jtZ«n abou.1:10 and ab=ut1 W, ^ost preferably be^»een about 1:3and 
Tb^ri-I. in addiUor. ^ pa^icuieriy P^tar-.d »PP«»«on pH tor »U«. 
5 coatings uwd to irnprav. rubber adhe.ioni.bahv.«.about4 and aboutT. 

Sinoe th. soiubility in water of soma silanes suitabi, tor u« in 

present invention n»y ba iimfted (particularly th. poiy«.lfUr ailana). the 

Lmant aoiuUon may optionally indude on. or more »lvant. (su* a. an 

al«*o.) in ordar to Improve aiian. soiublllty. Particularly P"*'"-- 
10 ln»lud.-.mett,«»l,«han=l,propanoiandl.op,op.n=l,Wh«,a,olv.nt,..dded. 

tneamountofsolventamployedwilldependuponthasolubilityofthapartouiar 
Silanes employed (as wall as their eonoantrations). Thus, wh«t a soMr* ,. 
u»,d, th. ratio of wat« to .olvent n«y ba betwaen about 1 :89 and about 9911 , 
more preferably between about 1:1 and aboul1:20. 
,S -m. method of preparing Ihe sllana soluBon I. vary .itnpia. The 

unhydrolyzed .lianas, v»tar, solvent (If ne«i.d), and a .mall amount of acid (if 
pH adiurtment is needed) are combined with one another. The solution 1. «1«i 
birred at room temperature In order to hydrolyi. th. sllan... Th. hydrolyis 
may take up to ««eral hours to complete, and It. completion «^ll be eviderKed 
20 by th. solution beoominfl clear. In the case of bis-siiyl polysulfur silan«. 
hydrolysis may be allowed to proceed for »v.ral day. (.uch a. 3 or 4 daya) for 
opumal p.rfom,««e. When mbdure. of bi«llyl aminosiiane(a) and bis-.l*l 
poly«ilfur silan.(s) are used, it is preferred that Ih. arainosilanes and poly.u»ur 
„lane. sr. separately hydraiyzed in the .am. manner (Including aging of the 
25 nydrolyiadpoly.afur.ii«n.for3^daysorlonger). As mertioned previously, 
the polysulft» .nana may be prepare! as an emulsion, with no solvsnt (other 
than water). The two «.lution. are then ml«d together prior to coaUng of the 
metal subatrata, and » is prefenad that the two ellane solution, ani mixed with 
one another imm«fiately prior to the ocatlng of the metal .ubetrrta. 
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Ushouldbeunderstoodthatceramicorglasssubstrate* may be treated 

With any of the silane treatment compositions of any aspect of the present 
lnvention.inananalo9ouswaytothetreatm.ntof.metalsubstrate ^ 

The metal surfaoa to be coated ^^th the solution of the present .nvenfon 
^ay be solvent and/or alkaline cleaned by techniques well-known to those 
skiLd in the art prior to application of the silane solution of the present 
invention. Thesllane solution (preparedinthemannerdescribedabove)isth^^^ 

appliedtothBmataIsurface(i.e..thesheetIscoatedwiththes,lanesolut.on)by. 
for example, dipping the metal Into the solution (also referred to as "rinsing ), 
spraying the solution onto the surface of the metal, or even brushing or w,p.rig 
the solution onto the metal surface. Various other application techniques well- 
known to those skilled In the art may also be used. When the preferred 
application method ofdipping is employed, the duration of dipping isnot critical. 

as it generally does not significantly affect the resulting film thickness. It .8 
merely preferred that whatever application method is used, the contact time 
Should be sufficient to ensure complete coating of the metal. For most methods 
of application, a contact time of at least about 2 seconds, and more preferably 
at least about 5 seconds, will help to ensure complete coating of the metal. 

After coating with the silane solution of the present invention, the metal 
substrate may be air^ried at room temperature, or. more preferably, placed into 
an oven for heat drying. Preferable heated drying conditions Include 
temperatures between about 20°C and about 200°C with drying times of 
between aboul30secondsandabout60niinutes(highertemperaturesallawfor 

Shorter drying times). Temperatures above about 200°C should be avoided, 
except in the case of aluminum substrates. More preferably, heated drymg Is 
perfomied at a temperatuTB of at least about 1 00°C. for a time sufTident to allow 
the silane coating to dry. While heated drying is not necessary to achieve 
satisfactory results (particularly In the case of silane soluUons containing only 
apolysulfursilane)iltwlllreducethe drying time thereby lessening the likelihood 

of the fomiation of white rust during drying. Once dried, the treated metal may 
be shipped to an end-user, or stored for later use. . 
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The coatings ot .he pre«n. »w.nt.or, provid. ,ianto eom,.|on 
p,ot.c«on, even without b.infl.:seire»a»d. In «ddHl<.n, the coat^fls or the 
n«n«=np^ide«^s,onre.s,encedu,,ng.»th,h.pplnBen s.0,^ 

^cr to electroooattng. More important^, '^^^ "^^^ 

loved pHor to eteCroooatlna. Thus, the «.d^ser (such aa an ».tonx.^e 
rnufadlr, ma, eleCrocoa. a second coaUn, (auch as a prtmer, a part or 
Zr protaotK-e or decorate coadng) directly «i top of the ...an. coat^B 
^.ddltlonat«a,m.nt(auchastheapplioaUono(aphosphateconv«tan 

coating) 1^ sllene coating, of the present invention not only provide a 
surpHelU high degree of adhesion to the electrocoaSng, but .i«. pr^en. 
delan-natlon and und^paint corrosion even H = portion of the base metal ,a 

exposed to the atmosphere. 

The sllane coatings of the present invention may be used beneath either 
cathodicoranodiceleatrocoatmaterials.partlcularlycathodlcelec^o^^^^ 

in the automotive industry. Cathodic (or cationic) electroooat materialB are 
deposited as a coating on the cathode during an electrecoating process. 
Therefore, vrfian a cathodio coating Is applied by electrocoating. the worlcpieco 
(ie themetalsubstrateprevioualycoatedwiththe8ilaneselulion)becomesthe 

cathode in the electroooat cell. During the cathodic eiectrocoating process, the 
pH of the cathode (i.e.. the metal substrate) increases sharply to about 
The silane coatings of the present invention, hov^ever. are not only electrically 
conductive (as is required for proper eiectrocoating to tai« place), but also are 
resistant to alkali, "merefore. the silane coatings of the present invention ailow 
for the formation of an excellent, high-build electroooat film (Le., coating). 

The eiectrocoating process may be accomplished using apparatus and 
niethods well4<no^vn to those skilled in the art. In fact, silane coated metal 
substrates prepared in accordance with the present invention may be 
electrocoated in the same manner as metal substrates which have been treated 
with phosphate conversion coatings. Suitable electroooat materials include 
cathodic epoxy-urethane electrocoats such as ED-SOOO (available from PPG 
industries) or Powercron 641 (also available from PPG Industries). Ih^ 
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.lectroooa. may b« applied by «»ndard el.clro=o.«ng l.chniqu.s Known to 
those skilled in the art. 

EXAMPLES 

The examples below demonstrate some of the superior and unexpected 
5 results obtained by employing the methods of the present invention. Unless 
othanvise noted, the various silane solutions described In the foliov^ng 
examples were prepared by mixing the indicated silane(9) with water, solvent 
(ethanol). and aoetlcadd {if needed to provide the indicated pH during solution 
preparation). In instances wherein both a bis-siiyi aminosiiane and a bia-silyl 
10 polysulfursilanewereemployed.the8ilaneswerefirsthydroly.edseparate1yin 

a solution of water and solvent, and the hydrolyzed silane solutions were then 
mixed to form the final silane solution composition in indicated. The silane 
solutions were hydrolyzed for at least 24 hours prior to application. The 
Indicated metal substrates were solvent-deaned, alkaline-cleaned, waterrinsed. 

1 5 then dipped into the silane solution for approximately 1 minute, and then (unless 
otherwise indicated) dried at 100°C for about 6-1 0 minutes. After application of 
the silane coaling, the samples were then cathodlcally eleclrocoated with ED- 
5000 using standard electrocoating conditions (250-300 volts, at room 
temperature, for aboutsmlnutes). After electrocoating. each sample was baked 

20 at 350^F for about 20 minutss. 

As mentioned previously, the silane coaUngs of the present invention also 
provide improved corrosion protection, even without subsequent electrocoating, 
and provide adhesion lo other polymer layers (such as non-eleclrocoat paints, 
rubbers and adhesives). Applicants' testing has shown that the silane coatings 

25 of the present invention pnDVlde Improved corrosion protection and Improved 
adhesion to a variety of paints and paint systems, including , polyester, 
polyurethane, epoxy and acrylic paints (or combinations thereof). These paints 
can be water-borne, solvent-based or even powder paints. Thus, the present 
application is not limited to silane coatings for improving electrocoat adhesion. 
30 Example 1 
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A, sho«n in the table which fellow., corrosion P"*"™'"* 
.,.ct,^e,,d™talsubstrat.,hevinBa.ilan.und.rooating,na^^^^ 

!lXn. invention w.re compered to Mntrealed metele end metal. tre.l«J 
ircIeLe.pho3phateoonver.-oncoa«nB. Elec^^.0.^^^^^^^ 

wM used to evaluate oonorion prolwsloa In EIS testing. 
.peo.ro.copy (EIS) w» u.^ to ev 

riumo) 48part.water,and50pertsemanol. Unless othenvl« noted. the 
(by volume), ioi» i -diuaiad m about 8 dufing solution 

M d! the sllane solutions was also »d|ustea lo wuu > 
plar.Uon.For.o.ution.oont.ininB6«^1289,thesolutionft.rthero6,«pn 

::rr.nd«0*.thanoi.inaddKion.panels=»tedwim.^u.lon.«^^^ 
(With no A1170) were dried el ro^,. temperemre. ..ther than beHed. 



SAMPLE 



(In Ohms) 
1 After 8 weeks in 3% 
NaCI, pH 6 



EGS 



Alk aline-Cleaned only 
Phosphated 
A-1289 (5%) 



1.19x10° 
:10" 
2.96X10* 



(in Ohms) 
After a weeks in 3% 
NaCI, pH 3 



9.96x10^ 
3.26x10* 



A-1170(2%) 



1.29x10'° 



HDG 



1.46x10" 



5.89x10' 



Alkaline-Cleaned only 



6.78x10" 



Ph osphated 
A-1170 (2%) 



6.69x10* 



3.60x10'° 



CRS 



Alkaline-Cleaned only^ 
Phosphated 



4.63 xltf 
5.59x10^ 



9.7 X lO'" 



8.75 Xl0» 



2.75 XIO'^ 



2.75x10" 
1.44x10^ 
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SAMPLE 



A-12e9 (5%) 



Aluminum Alloy (A16061) 



AlKaline-Cleaned only 



Phosphated 



A-1170 (2%) 



20 

Rp (in Ohms) 
After 8 weeks in 3% 
NaCI, pH 6 



1.47X10" 




1,37x10^^ 



3.48X10^" 



1.45x10" 



Rp (in Ohms) 
After 8 weeks in 3% 
NaCI, pH3 



9.8x10^ 



3.46 X 10" 



3.23x10" 



A-1170 = bis-(trimethoxysiiylpropyl) amine 
A-1289 = bia-(triethoxysllylpropyl) tetrasulfide 



p;vHppple 2 

Additional samples were prepared in the manner described above in 
10 Example 1. The solutions included equal parts silaneO) and water (by 

volume), with the remainder being ethanoi (e.g., 2% UPS, 2% water. 96% 
Bthanol). Unless othewise noted, panels coated with solutions containing 
only A1289 were dried at room temperature, vi/hile panels coated with the 
other silane solutions were dried at lOC^C for about 5-10 minutes prior to 
15 sledrocoating. The pH of the silane solutions was 8, unless othewise noted, 
it should also be pointed out that the natural pH of the A1289 solutions was 
about 4.5 to about 5 (without pH adjustment). In order to measure crsepage, 
which In turn is Indicative of the degree of paint adhesion and corrosion 
protection, a scribe was produced In electrocoated panels. The scribe Nvas 
20 sufficiently deep to expose the base metal. The scribed panels were then 
subjected to a GM SCAB creep test, an accelerated corrosion test Involving 
cycles of salt spray, humidity exposure {60-C and 85% RH) and drying over a 
4 week period. After completion of the test period, a piece of adhesive tape 
was secured atop each scribe and then pulled off of the panel. The average 
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widih of the area of eleotroco.t delamination ^as than maasurad for each 
panel, and the followi ng results were obtained: 

Creep 




Alkaline-cleaned only 



Phosphated 



UPS (2.0%. pH°6)* 



UPS (0.5%, pH=6) 
VS (2.0%, pH»4) 



V8(1.5%.pH«4) 
VS (1.0%. PH=4) 
VS (0.5%, pH=4) 



SAAPS (2.0%pH^ 



SAAPS (1.5%, pH»4) 



SAAPS (1.0%. pH=4) 



SAAPS (0.5%. pHs4) 



A-1170 (2.0%. pH=5) 
A-1170 (1.5%, pH-5) 
A-1170 (1.0%. pH=S) 



A-1170 (0.5%, pH«5) 



A-1170 (2,0%, pH=8) 



A-1289(5%. pH 4.5-5) 



HDG 



Alkaline-cleaned only 



phosphated 



Nealloible delaminatlon* 



7.00 ± 3.32 




4.75 ±2.22 



5.13*1,54 



6.5 ±2.76 



4.0 ±2.87 



5.11 ±3.60 



3.63 ± 2.12 



7.3B±2.32 



6.13 ± 3.48 



2.86 ± 2JZ0 



4.38 ±4.77 
3.33 ±1.41 



8.63 ±2.91 



Negligible delamination 



Negligible delamination 



4.7 ±2.6 



Negligible delamination 
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Negligible delamination 



A-1289 (pH4.5-5) 



Alkaline-cleaned only 



A-1289 (5%. pH 4.5-5) 

A-1 170 + A-1289 
(9:1 mixture; 2% total sjlanes in the 
sllane solution; pH 8; dried at room 
temperature) 



Al alloys (Al 6061 &AI6111) 



Negligible delaminatlon, 



Alkaline-cleaned only 



Phosphated 



A-1 170 (5%, dried at room 
temperature) 



A-1 170 (5%) 



Negligible delaminatlon 



Negligib le deiamination 
Negligible delaminatlon 



Negligible delaminatlon^ 



• Average Creep <0.5 mm . , « 

** UPS panels were subjected to the humidity for 8 weeks 

UPS K v-ureidopropyltrialkoxysijane (Y-UPS) ^iu^„.»tl»r^^ 

SMPS =W(vinylbenzylamino)-^^^ 

VS * vinyltrlmethoxysilane 

A-1 1 70 ^ bi8-(trimethoxysilylpropyl) amine 

A-1289 - biB-(triethQxysilylpropyl) tetraaulfide 

AS noted in the above table, both A-12B9 and A-1 170 provided 
negligible delaminatlon on metals other than CRS. On CRS. the A-1289 and 
A-1 170 solutions perfornied marginally better than the blank sample (i.e.. 
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alkaline-cleaned only), but significantly worse than the phosphated $ampie« 
However, the silane solution containing a mixture of A-1289 and A-1170 
e«Ffapmarf remsrfcflhfy better thgm ^lih&r fil/ane alone, and neariv as wqJI qs 
the phosphated sample, I 1 . 
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NO. 336 



P. 27 



panels in 3% NaCI for 5 days at 60"C. Creep was then measyred In the 
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widlh of the area Of electrocoat delamlnation wa. then measured for each 
panel, and the following results were obtained; 



Sample 



EGS 



Alk aline-cleaned only 
Phosphated 



UPS (2.0%, PH«6)* 



UPS (1.S%, pH-6) 



UPS (1.0%,pH«6) 



UPS (0.5%, pH=6) 



VS (2.0%, pH=4) 



VS(1.S%.pH=4) ■ 
VS(1.Q%.PH°4) 



VS (0.5%. pHM) 



SAAPS (2.0%. pH=4) 



SAAPS (1.5%. pH=4) 



SAAPS (1.0%, pH=4) 



SAAPS (0.5%, pHa4) 



A-1170(2.Q%, pH=S) 



A-1170 (1.5%. pH>S) 



A-1170 (1.0%. PH=5) 
A-1170 (0.5%, pHg5) 



A-1170 (2.0%. PH"8) 



A-12B9(S%,pH4.5-5) 



HDG 



Alkaline-cleaned only 



Phosphated 



Creep 



6.0±1.S 



NBaligible delaminatlon* 



7.00 ± 3.32 



9.9 ± 4.1 



7.11 ±1.85 



10,0 ±2.40 



4.7S±2.22 



6.13 ±1.54 



6.5 ±2.75 



4.0 ±2.87 



5.11 ±3.60 



3.63 ±2.12 
7.38 ±2,32 



6.13 ±3.48 
2,86 ±2.20 



4.38 ±4.77 



3.33 ±1.41 



8,63 ±2.91 



NiBallalbie delaminatlon 



Negligible delaminatlon 



4.7 ±2.6 



Mfti^iiaible delaminatlon 



PAGE 2/41 ' RCVD AT 5/17/2004 11:11:00 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3125* DNIS:2731296 * CSID:1II60286011S* DURATION (inm-$$):11-0$ 



MAY. 17.2004 10:i0fiM CANTOR COLBURN LLP 860-286-0115 



NO. 337 P. 3 



WO 00/6}303 



PCT/EPOO/03711 



22 



Sample 



A-1170 (5%. dried at room 
temperature) 
A-1170 (2%) 



A-12S9(pH 4.5-5) 



Creep 



Negligible delamination 



Negligible delamination 



Neolloible delamination. 



A-l2a&(5%.pH4.5-5) 



A-1170 + A-1289 
(9:1 mlxlurs; 2% total sllanes In the 
sllane solution; pH 8; dried at room 
temperature) 



Al alloys (Al 6061 &AI6111) 



19.5 ±3.6 



6.5 ±1.7 



Negligible delamination 





VS=vinyltrimethoxysilane . 
A-1 170 = bis-(trimBtho)cyBilylpropyl) amine 
A-1 289 - bis-(triathoxyBilylpropyl) tetrasulfide 

AS noted in the above table, both A-1289 and A.1170 provided 
negligible delamination on metals other than CRS. On CRS. the A.1289 and 
A-l 170 solutions performed marginally better than the blanK sample (i.e.. 
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. , X H .t «Jcnlf icantly worse lhan the phosphated sampJe. 
the phosphated sample. 

^""^^^ sample. Pr^ared ,n ^ ^ -«=r*e. ^ 

panels In 3% NaCI for 5 days at 60 C. Creep was n 
manner described above in Example 2. 



25 



30 



Sample 



EGS 



Phosphated _ 



Blank 



CfBcp (mm) 



1.2 ±0.9 



22.e±io.i 



A.1170 (0.5%). 
A-1170(2.0%)_ 



^0 (2.0%, baked at 205'C for 30 
min.) 



6.1 12.1 
Neoiigible delamination 
5.1 ±2.B 




y ^yn nqfe, dried at room temp.) 



A.1 1 70 (5.0%, dried at room temp.)_ 



11.5 ±4.5 



A-1289(5%. pH 4.5-5) 



(5%.pH4.5-5.bakedat205-Cfor30 

mIn.) - 

A.12a9 (2%, pH 4.5 - 5) 

A-1170 + A'12B9 
(9:1 mWiire; 2% total 8»anes " the 
sllane solution; pH'^B; dried at rpom 
temperature) 



1 ±0.8 



2.1 ±1-S 



12.1 ±6.6 



3.7 ±1.1 
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Sample 
A-1170 + A-1289 



(9:1 mixture; 2% total silanes in the 
silane solution; pH=8; bakad at20S C 
for 30 min.) , 



HDG 



Blank 



Phosphated 



A'1289(2%. pH 4.5-5) 



Sulfane (5%. pH 4.5 - S) 
A-1170 (2%) 
A-1170(5%) 



A-1 170 (S%r dried at room temp.) 



GR8 



Blank 



Phosphated 



A-1170 (2%) 
Xl170 (2%. PH«5) 
A-12B9 (6%, pH 4.5 - S) 
rA-1170 + A-1289 (9:1 mixture; 2% total 



Creep (mm ) 
5.S±2.2 



Complete delaminstien 



Naaii aible delamination 
3.8 ± 0.4 



Negligible delamination 



Negli gible delamination 
Negligible delamination 



Neolioible deiamination 



6.9 ± 1.7 



Negligi ble delamination 
2.9 ±1.6 



5 ±1.7 



C omplete deiamination 
3.5 ± 2.0 





dried at room temp.) — I 
A-1170 + A-1289 (9:1 mixture; 2% total 
silenes In the silane solution; pH=8; 
baked at 205*0 for 30 min.) 


Complete delamination [ 


25 


A-1170 + A-1289 (4:1 mixture; 2% total 
silanes in the silane solution; pH^8) 


2.5 ± 0.7 




A-1170 + A'12B9 (8:1 mixture; 2% total 
silanes in the eilane solution; pH=6) 


4,0 ±1.5 
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15 



20 



25 



25 




170 + A-1289 (3:1 mWure; 2% total 
sllanes in the sllane solution; pH^6) _ 



6.8*2.9 



Two-step treatment: BTSE (1%. pH-5. 
SSl^ dSr); followed by APS (1%. 

natural pH) 



A! alloys (Al 6061 &AI 61111 
Blank 



Phosphated 



A-117Q (5%) 



^ (ROA, riried at room temp.). 



Negligible delamlnalion 



MB^tialble delamination 



MenliQible delaminatien 



Mefllialble delamination 



NeoHaible delamination 



^^^^ . „ „,«etrQcoat adhesion to the silane coatings 

of the pre»en«.nv.nt.on, panel, were « ,.,,^ed The .leeWoMtecl 

pen.l» were m«. in>mer.«J in N-melhyl p,rol>d«,e (NMP) 
L .-.■■..n,.-^ of the elec,c»et was meeeu.»j__^^ 
' ,..MD patantlon Time (minutes) 



Sample 



CR8 



Atkaline-oleaned only 



Phospiiated 

A-1170 + M2B8 
(9:lmb(lure:2%totalsilanesinthe 
silane solution: pH 8; dried at room 

temperature) 



>24 hours with no delamination 
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Sample 



A-1170(2.0%, pH 8.6) 



NMP Retention Time (minutes) 
>24 hours with no delamination 



EGS 



Alkaline-cleaned only 



<2 



phosphated 



30 



A-1289 {2.S%. pH 4.5 - 5. dried at 
room tempo . 



25 



A-12Be (5%, pH4:5-6. dried at 
room temp,) ^— — 



M60 



A-1170 (5%, pH 8, dried at room 
temp.) 



>6hr8 

(underwent some attack, but not 
eomoiete delamination) 



A-1170 12%. pH B) 



>-24hrs, 



^*^rter to «an.ine the =om.,.=n protection provided by the .Hen. 
composition. Of tf» present inversion, .lien, coetino. v«r.«PP«.d t^^ 

. Jinu. peneis In m. described in Exa.p.= 2 ^ P^';^ 

not elecrocoeted. After drying, me siiane coated penel. ^ then pl«ed 
into . N.01 .oiution for 192 hours. Corroeion wm evelueted <,ua.,teUveiy. 



and the results are shown below. 




Silania Solution 1 

Blank 


pH 

N/A 


Prying 


Surface Observation 

large size pits, 
distributed uniformly 


Ai 170(5%) 
A1289 (5%) 


B 
6 


dried at room 
temperature 

dried at room 
temperature 


small pits, distributed 
unifonnly 

almost original 
appearance _ 
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A-1170 + A-1289 
(1:1 mixture, 10% total 
silaneslnthBsilane 

solution) 



pH 




a 



dried at room 
temperature 



almost original 
appearance 



solution) _ ri ^il ♦hJmixture of hydrolyzed Ai 1^0 and A12a9 

AS shown in the above laUle. the mixture ^^J^^ /^^^ ^^^yo alona. 

prided excellent ^"^^^^^^^^^^^^^ silane 

:rn:orrr;.:isopro.decor.si^^ 

^ihout a polymer layer over the snane coat.ng). 
iCgmBl 



^ a po^««.r powd« paw «. h. ua« ^ 

oorrosion protection, a scnbe wasp , j^e scribed panels 

...wasau..ent^^^^^^^^^^^ -r 
ware then subjected to a salt ^P^^^.^^^; .^.^red atop 

completion of the test period, a p.ece of ^^^^^''^^^^^^ 
ea^scribe andthen pulled Off Of the pane T^^^^^^^^^^ 

cf paint delamination was then measured for each panel. 

results were obtai ned: 

I Drying Conditions 



Silanes 



A.1l70,2%,pH-8 



A-1289, 5%, pH=8 



iQO°C. 10 minutes 




dried at room temp. 



iQO<='C. 10 minutes 




7:^i7o^A:iSEw-J^^^^ 



6.72:1:3.1 



14.4 ± 8.5 
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Silanes 


Drying Conditions 


Scribe Creep (mm) 




dried at room temp. 


12.6 ±7.0 


Blank (alkaline cleaned 




Completely 
delaminated 


Samples of GALVALUME® were coated with hydrolyzed silane 
solutions, and painted with a polyester powder paint. Scribe creep was then 
measured atter salt spray exposure in the manner described in Example B. 


Silanea 


Curing Condition 


Scribe Creep (mm) 


A-1170,2%, pH=8 


100°C, 10 minutes 


1.2 ±2.2 


dried at room temp. 


1.2 ±2^ 


A-12BB, 5%, pH=8 


100°C, 10 minutes 


negligible deiamination 


dried at room temp. 


negligible dalaminatton 


A-1170+A-1289. 
2% each (1:1).pH=8 


100*0, 10 minutes 


negligible deiamination 


dried at room temp. 


negligible deiamination 


eiank (alkaline cleaned 
only) 




Completely 
delaminated 



25 



As \t\e above examples demonstrate, the sllane solutions of the 
present invention also provide adhesion to other types of paint systems (in 
addition to eiectrocoats). 
Example B 

In order to examine the corrosion protection provided by the siiane 
compositions of the present invention on magnesium alloys, a sllane coating 
was applied to a panel of magnesium alloy AZ31-B in the manner described 
previously. It should be nolecl that both the siiane coated panel, as well as 
the uncoatad control, were first cleaned in a chromic acid solution in order to 
remove the graphite layer present on the panels. The sllane solution 
comprised a hydrolyzed mixture of 2% A-1 170 and 6% A-1289. The resulting 
sllane film was cured at 160°C for 40 minutes. The panels were not 
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Claims 
1. 



20 



2. 



.u n. , first coating of a silana solution onto the natal 
(a) applirmgafl™>eoa«"9 «|e„t on. silana which ha. 

.u^te, sa^sllan. solution »m^«n«U^^^ 

consisting of bis-silyl aminosilanas and bis sliyi P y 

..oe.rcco.«nfla..=ondco.«n90ntosa«.f.™."*n8_ 
n«mod Of ciaU. 1 , herein said at laas. one ...ane composes. 

RlO-i-r— X— I*— ?i— 
L, iR' 



rtis^divldua.,yohosanffo.t..,ro.pcon.is«n<,o.h,d,6,«..C,. 

e::^BMsindl.d.a,,y=hosen,ron,.aa^-P^^^^^ 

sllphatiogroupa."™*""^"'""™'"""™'^' 
and unsubslituted aiomatlB oroups; and 

15 xisaither 

f f , f 

or — N — R* — f*— 

^.erau, aach R> . i^-ividualiy chosen ^ "-^'^r.tdll.ad and 
hydmgan, subsUtuted and unsubsumtad al,ph.t« group., 

:,;;:cg^PS,and...«.«ad-uns^«-^^^ 
3 The method of claim 2, wherein each R is inaviaua y 
U iLng o. hydiogen, athyt, mathyl, P^pyi, i"^ropyl, ^ - 



group consisiiny nj—-si— -i 

butyl. seo-butyl, .ter43Utyl and soetyl. 
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o ^pminUch R= is individually ^^^^ 



20 



25 



iRl OR^ 



.serein each U an aM or an aoety. group, and Z -Q • 
Wherein .ach Q is an aliphatic or aromatic group, and x .s 9 

15 2 to 10. „K pi is individually chosen from the 

9 The method Of claim 8, whemm «=h R « '"^ ™ 

B^up cohs.s.^9 '^VlroBen, eW, methyl, P^pyl. 



butyl, «o*utyl. t«-««''S^ 'f' .^^.„„,„y chc.«n fm™ the 

10. The method of Claim B,whs«,ne»=hQ.s«^^ 0 ,lKenyl(llne" 

■ .w, rf- c - C. alkyi (line" or branehed), C, - c. »iKeny> v» 
«T C C 'iLed ^ one or mo. «mino ^.oupe C, . C. 

^! *il=xy*lpropyl) ="lfl<iB ha«ng 2 to 10 .uitur atoms, 
bis.(tri9thoxysilylpropyl) tetrasulfide. 
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,3. The method of .ny preoeding Jaim. wherein S3id metal substrate Is 

chosen from the group consisting of: 

-a metal substrate having a zinc^ntaining ooafng; 

-steel; 

g aluminum; . 

-aluminum alloys; 

-zirws; 

-zinc alloys; 
-magnesium; , 
10 -magnasium alloys; 

-coppen 
-copper alloys; 

-tin; and 

-tin allays. 

14. A method of treating a substrate, comprising: 
(g\ providing a substrate; and 

a 'pplylno a =3*9 Of a silan. sc,u«an onto ^ »*»^; 

„,anev*i*ha.be.natlea«parUallyhycirolyzad 

,5 Th. maihod according Calm 14, «herain th. « "te*" 

from th. group consisting of i«lal5, ceramics and alaas. 

r ^ mimod Of daim 14 or 16, wharair, .aid bls^iiy. an.noa«an, ha. 

lhBf6rmulaa«defin«dinanyofclaim»2to7. .,.„u«uifur 
« * Thamemodofd,im14,>*ereinsaldatleaa.oneb,s.,lylpoiy,uK.r 

8llanahaalh8f«muiaa.d«hnadinanyofol.ima6to12, 
* Th.mathodofcl.-^16,wnar.in..ld.ubstrateisma.a.and.s 

Chosen from the group consisting of: 

-a metal substrate having a zlnc^ntalning coating; 

30 -8teel; 

-aluminum; 
-aluminum alloys; 



15 



20 



PAGE 13l4rRCVDATS/l7l20l)4 11:11:00 AM [Eastern DayeghtTime]*SVR:USPTO€FXTO^ 



10 



MAY. 17. 2004 10:l3flM CANTOR COLBURN LLP 8S0-286-0115 NO. 337 P. 15 

PCt/EPOO/03711 

00/63303 

33 

-zinc; 

-zinc alloys; 
-magnesium; 
HTiagnesium alloys; 

-copper, 

^pper alloys; 

-tin; and 

Le. ,n «« sHsn. U..N.e«, .^u. 0.1« and ab»^ 10* by 

T'-me method a( .r,y of d..m.14 to 1 9, *h,™n »» r.tl= of b.«ily. 

W«.ly. pol/.«lf^ sil^nes In s.id silan. ,ol.aon ,s between about 3.1 «nd 
r '■^ m.t.^ad 0, c*.tm 20, therein the rat.0 Of b..^./. 

'° r 'lie method 0, Of ^ U to 2a, whe..n »ld b.^M 
.mmortlane is chosen from the group eonsieUnfl of 1«- 
I^thoxyiMP^py.)--™, «M..e.ho,^"V'P™PVl)»-'«ne, end b... 

(trtethoxysi^prcpyi diamine, ^''^J^ ^ 

26 (trimemoxysllylptopyl)amine, and wherein said at^ on. 
»laneecmpriae.bi.-(lrlethoxy8i!ylpropyl)letre.ullld.. 
M The Uod Of any preceding deim, ft-rther compnslng me etep of 
aoolving a second coating onto said first coatmg. , ^ h r™, 

r T method Of ^ 24, wherein .aid second coaUng Is ».«*ad ^ 

30 paint, adhesive, nJbber and plastia 

r The method of dalra 24, wha^ln .aid s«ond coat,na is plasfto, 
w,»n.ln «ie piastic is .ei«*ed f^m aavHc P<*^'- P^^"^'^- 



1S 
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r ^^e „«U»d of o.alm 24, wherein saW ««nd ».Ung r^.r, 

, ro.ene......^;^;^^^^^^^^ 

(including nuorosilicone rubbers), acryiic fudup 

^^'^Th. ™*od ^ da>,n 24, «he.l. .e<»nd coa«nB I. a pa.n. end 

,0 r;::rr"r.a,»....---d»e.,..se,e.ed,™. 

c«hodie.lecin««lineandepo)<yHmtheneelec<™ooat»,g, _ 
r^ Milane coated s^..a.e in a«ortancew.mtt,e method of 

r'L.eo.ro»e.edme.e,sub3.raten.adainac=o«.a«e*Hh,h.n».^ 

15 Of any preceding claim 1 . 

32 A sllane solution comprising: 
■ ^, leaat one substanlielly hydioly»d blMllyi ammoailane; »>d 

.at leart one eubetantlalV Mrolv"- '»"~"«"^ "'"^f ' ^ 
33. The.ilen.».uUonofd,lm32..ham.h«Hbi,-.Hylam,noellaneh» 

■>n iha formula as defined In any of clalnw 2 to 7. 

'° ^ ^ eilane eolutlon of ^ 3^ wherein at ..... .^e b..-..lyt 

ply^^fur sllane has the fonnula as defined in any of delms 8 to U 
35 -n* Sllane solution any of claim. 32 to K «^re,n ^ 
Lcentratlon of .ilane. In said llane solution is b=.«en about 0.1« and 

rrei:rutiono,anyo,.ai.32.o,5,^ereinth,»«o...e- 
silyi «nino.llanes to bie^iiyi pc,y,ulft.r .i.»™. in said sllane sclu.,on ,s 

b8tweenaboiil1:9B and about 99;1. .. ..ih,! 

37 The snane solution of daira 36, v^erem the rabo of biMilyl 
30 Ln,.Z.s.ob..^ylpo..uifur.ilanesln.a.dsi.eneso,u«on,sbetween 

about 3:1 and about 99:1, 
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aminosllanes to bis-silyl poly^ulfur s.lanes .n said s.lane 
about 1:3 and about 1:1.. 
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